Ductal carcinoma in situ (DCIS) of the breast is being diagnosed with increasing frequency in recent years, primarily because of early detection efforts and the use of screening mammography. It has been estimated that 23 000 new cases of DCIS are diagnosed annually in the United States (1), accounting for approximately one third of all mammographically detected breast cancers (2) (3) (4) . Breast preservation has become an increasingly popular treatment option for many patients with breast cancer (1) , despite the increased risk of local failure compared with mastectomy (5) (6) (7) (8) . This situation emphasizes the importance of identifying a subset of breast cancer patients who are at high risk for disease recurrence following conservative therapy, as ablative surgery remains an appropriate therapy for certain patients at high risk for local failure.
Residual disease is an important factor in local failure of treatment/recurrence of disease following conservative therapy for DCIS of the breast (8, 9) . The ability to predict patients who are at high risk for residual disease/recurrence helps to determine treatment options. The role of biopsy margin status and tumor size as predictors of residual disease/recurrence in invasive breast carcinoma is well established (9) (10) (11) (12) (13) (14) (15) . However, the relevance of the size of mammary DCIS and the margin status of lumpectomy specimens is uncertain (16) .
In this study, we report the relationship between the size of DCIS and the margin status of lumpectomy specimens and residual disease in subsequent re-excision or mastectomy specimens from 232 patients.
Patients and Methods
Patients. Two hundred thirty-two consecutive patients who had been diagnosed with mammary DCIS at University Hospitals of Cleveland and Case Western Reserve University during the period from January 1980 through December 1993 were studied. The criteria for inclusion in the study were as follows: 1) The patient had a mammary DCIS on an excisional biopsy/lumpectomy, 2) the histologic slides were available for review, and 3) follow-up information was available. Clinical information and follow-up data were obtained from medical records and the tumor registry of the Ireland Cancer Center of the University Hospitals of Cleveland. Of the 232 patients, 166 (72%) presented with a mammographic abnormality detected on routine mammograms, 51 (22%) presented with a palpable mass, and the remaining 15 (6%) presented with other symptoms, including, among others, nipple discharge, cosmetic surgery, Paget's disease of the nipple, nipple retraction, and pigmentation. The patients ranged in age from 18 to 87 years (median, 59 years). The ratio of blacks to whites was 1:3.7. Patient follow-up ranged from 3 months to 171 months (median, 45 months). All patients initially underwent lumpectomy. Ninety patients (39%) subsequently underwent mastectomy, and 142 patients (61%) were treated with breast-conserving surgery (lumpectomy with or without re-excision). Among the 142 patients who were treated with breast-conserving surgery, 58 (41%) had reexcision, 16 (11%) received radiation therapy following the initial lumpectomy, and the remaining 68 (48%) did not receive any other treatment (lumpectomy only).
Histologic evaluation. To process the tissue, we painted the entire external surface of the specimen with India ink and then serially sectioned the tissue perpendicular to the long axis of the specimen at 3-mm intervals. The sections were fixed in 10% formalin, embedded in paraffin, cut at 3 m, and stained with hematoxylin-eosin. The specimens ranged from 1.3 to 18 cm in largest dimension (median size, 6.0 cm). Of the 232 specimens, 167 (72%) were embedded entirely for histologic examination. A diagram designating the sections submitted for histologic examination was available for 86 biopsy specimens. The mean number of slides reviewed from each biopsy was 14 (range, 2-55; median, 13). The margin status was evaluated microscopically. A positive margin was defined as tumor extending to or transected by the inked margin (Fig. 1, A) ; a close margin was defined as tumor less than or equal to 1 mm from the inked margins, but not transected by the inked margin (Fig. 1, B) ; a negative margin was defined as tumor greater than 1 mm from the inked margins. The margin was considered indeterminate when the biopsy specimen was not inked or the tissue was fragmented. The size of DCIS was determined by microscopic measurement of the largest two dimensions from the glass slide, combined with diagrammatic mapping of the lumpectomy specimen. The third dimension of DCIS, in cases where a diagram was not available, was calculated by multiplying the number of sections containing DCIS by the thickness of the section, which was estimated to be 0.3 cm. For those specimens for which the diagrams were available, the third dimension of tumor size was determined by studying the distribution of DCIS in the biopsy specimen by use of the diagrammatic mapping. This technique of size measurement has been used by several staff pathologists in our department since 1987 and yields reproducible re-sults with interobserver variability of less than 10%. The largest dimension of DCIS was used in the final analysis. Residual disease was defined as the persistence of DCIS in the re-excision and/or mastectomy specimens.
Statistical analysis. The relationship between residual disease (0 ‫ס‬ absent; 1 ‫ס‬ present) and several clinicopathologic characteristics was examined. The chi-squared test was utilized to describe the association of residual disease with tumor characteristics. The odds ratio (OR) and its 95% confidence interval (CI) for the relationship of residual disease to the clinical presentation (0 ‫ס‬ palpable mass; 1 ‫ס‬ mammographic detection), race (0 ‫ס‬ white; 1 ‫ס‬ black), age, size (0 to <2.5 cm; 1 to ജ2.5 cm), and margin status (0 ‫ס‬ negative or close margins; 1 ‫ס‬ positive margins) were also utilized. Significance levels for ORs were evaluated by use of the Wald-P chisquared statistic. An OR with a 95% CI that does not include 1 denotes a statistically significant relationship. Multivariate analysis of the relationship of residual disease and other clinicopathologic features was performed by use of logistic regression.
Results
Residual disease was present in a total of 66 (28%) of 232 cases. Residual DCIS was observed at the previous excision site in the majority of patients for whom these data were available. The mean length of the largest dimension of DCIS was 1.4 cm (range, 0.3-5.4 cm). Residual disease was found in 15 (15%) of 101 DCIS lesions that were less than 1.0 cm in longest dimension, 27 (28%) of 96 lesions that were 1.0-2.4 cm in size, and 24 (69%) of 35 lesions that were greater than or equal to 2.5 cm in size (P<.001) ( Table 1 ). The margins were positive in 77 (37%) patients, close in 59 (28%) patients, and negative in 73 (35%) patients. The margin status in the remaining 23 patients (all diagnosed prior to 1985) was indeterminate or unknown. Residual disease was found in 15 (65%) of 23 of these patients. Among patients with known margin status, residual disease was found in 30 (39%) of 77 patients who had DCIS with positive margins, 11 (19%) of 59 patients who had DCIS with close margins, and 10 (14%) of 73 patients who had DCIS with negative margins (Table 1 ). The increase in the patient's risk of residual disease when the margins were positive for DCIS was statistically significant (overall P ‫ס‬ .001). The presence of close margins in biopsy specimens was associated with a slightly higher but not a statistically significant increase in risk of residual disease (19% versus 14% for negative margins, P>.3). Residual disease increased in frequency with increasing tumor size (Fig. 2, A) . In addition, tumor size correlated significantly with margin status (Fig. 2, B) . Seventy-seven percent of patients with DCIS of greater than or equal to 2.5 cm in size had positive margins at initial biopsy versus 30% of patients with DCIS of less than 2.5 cm (P<.001).
In the multivariate analysis, the finding of residual disease was significantly associated with large size of DCIS (P ‫ס‬ .0001) and positive margins (P ‫ס‬ .04). Patients with DCIS of greater than or equal to 2.5 cm in size had an OR of 7.7 (95% CI ‫ס‬ 3.13-20.00) for residual disease compared with patients with DCIS of less than 2.5 cm. If we control for the size of DCIS, patients with positive margins in lumpectomy specimens had an OR for risk of residual disease of 2.2 (95% CI ‫ס‬ 1.02-4.55) compared with those with negative or close margins. Fig. 3 illustrates that 29 (46%) of 63 patients with DCIS of greater than or equal to 1.0 cm with positive margins had residual disease compared with eight (23%) of 35 patients with DCIS of greater than or equal to 1.0 cm with close margins and five (26%) of 19 patients with DCIS of greater than or equal to 1.0 cm with negative margins. Among patients with small DCIS (<1.0 cm), residual disease was found in two (14%) of 14 patients with positive margins, in two (8%) of 24 patients with close margins, and in three (5%) of 54 patients with negative margins. Age, race (black versus white), and clinical presentations (palpable mass versus mass detected mammographically) were not signifi- †A positive margin was defined as tumor extending to the inked margins; a close margin is tumor ഛ1 mm from the inked margins; a negative margin is tumor >1 mm from the inked margins.
cantly associated with residual disease in the multivariate analysis.
Local recurrence of disease was seen in 10 (7%) of 142 patients during a mean follow-up period of 49 months. All of these 142 patients were initially treated conservatively with lumpectomy with or without re-excision. The mean interval from lumpectomy to recurrence was 77 months (range, 29-165 months; median, 67 months). Four of these patients had positive margins in the lumpectomy specimen, and three had close margins. The tumors ranged in size from 0.4 to 4.0 cm (mean, 2.0 cm). Half of these recurrences were invasive carcinomas. None of the patients who had mastectomy following lumpectomy developed local recurrence. Six patients died during the period of the study (four from lung cancer, one from congestive heart failure, and one from contralateral breast cancer).
Discussion
DCIS of the breast is a heterogeneous group of lesions with a wide spectrum of clinical and pathologic manifestations (2, (17) (18) (19) (20) (21) . The optimal treatment for DCIS is still controversial. The ultimate outcome of breast perservation in the treatment of DCIS is largely unknown. Multiple factors have to be considered when one is deciding upon the optimal treatment for a particular patient with mammary DCIS. It is evident that a subgroup of patients is at higher risk of local failure after breast-conserving surgery. Factors contributing to local failure are important considerations in selecting the appropriate therapeutic approach for mammary DCIS. Additional therapy such as postoperative radiation treatment or mastectomy may benefit patients who are at high risk for local failure.
Three-dimensional imaging of DCIS provides an accurate evaluation of the extent of DCIS in the mammary ducts (22) . This technique, however, is difficult to apply to routinely processed surgical specimens. Since most DCIS lesions cannot be identified grossly with certainty, assessment of the extent of DCIS in routinely processed breast biopsy specimens is feasible utilizing the diagrammatic mapping of biopsy specimens. Our findings indicate that measurement of the DCIS size from the histologic slides in conjunction with margin status evaluation provides an accurate assessment of risk of residual disease. Lesions smaller than 1.0 cm in the longest dimension, accounting for 44% (101 of 232) of the patients with mammary DCIS in this study, had no residual DCIS following lumpectomy when the margins were free of DCIS. Patients with DCIS lesions that were greater than or equal to 2.5 cm in longest dimension had the highest risk of residual disease regardless of margin status. Patients with DCIS size between 1.0 and 2.4 cm in largest dimension had 28% risk of residual disease. The ability to predict residual disease is greatly improved by assessing the margin status in these patients. Thirty (39%) of 77 patients with positive margins had local failure versus 11 (19%) of 59 patients with close margins and 10 (14%) of 73 patients with negative margins. After we controlled for the tumor size, patients with positive margins had approximately twice the risk of residual disease than patients with negative or close margins. The risk of residual disease was higher in patients with positive margins than in patients with close margins (39% versus 19%), whereas there was only a marginal increase in risk of residual disease in patients with close mar- gins compared with those with negative margins. The risk of residual disease in patients with close margins was only slightly higher than that in patients with negative margins (19% versus 14%, P>.3). In addition, there was a significant (P<.0001) association between the extent of DCIS and positive margin status. At initial biopsy, 77% of large tumors (ജ2.5 cm) had positive surgical margins. Because of the small number of patients who received radiation therapy following lumpectomy, the role of adjuvant radiation therapy as a treatment modality cannot be assessed in this study.
Our findings support the important role of margin status assessment in local disease control in patients treated conservatively. Negative margins, however, will not guarantee complete excision of the DCIS, and local recurrence can still occur. A high percentage of patients had local recurrence of disease because of residual disease even when the margins of lumpectomy were clear (16, (23) (24) (25) In addition, depending on the plane of sectioning, the distance between any two branches of the same duct involved by DCIS can exceed the distance designated as a clear margin. Therefore, residual DCIS may remain in the patient's breast after surgery even when the "clear margin" exceeds 10 mm. The DCIS observed in the re-excision most likely represents DCIS that was incompletely removed by the initial excision rather than multicentric/multifocal DCIS or recurrent disease. This hypothesis is supported by our findings and the findings of Silverstein et al. (23) who reported residual DCIS in the immediate vicinity of the previous biopsy/excision site in the majority of cases. Clearly, as Silverstein et al. (25) elegantly demonstrated, histopathologic features such as nuclear grade and presence of comedo-type necrosis are important prognostic factors that can influence the rate of recurrence of DCIS (25) . Some evidence exists that these histopathologic features are not independent prognostic factors but rather that they define subsets of DCIS having different histopathologic, clinical, molecular, and biologic features (9, 25) . Further studies are necessary to clearly characterize these subsets of DCIS.
In summary, the size and the margin status of mammary DCIS are each independent, statistically significant factors predicting local failure. Small DCIS tumors (<1.0 cm) with negative margins carry a low risk of local failure and can be treated conservatively with lumpectomy. Large DCIS tumors (ജ2.5 cm) pose a particular risk of residual disease regardless of margin status, and additional adjuvant therapy may be necessary.
